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A. Summary of Research

The aim of the research supported by the ONR contract has been to
improve our understanding of factors leading to solar flares, with the long-
term goal of improving predictions of these events.

To achieve this goal, we have studied spatial and temporal patterns
in solar flare occurrences. We have found that solar flares tend to occur in
“hot spots,” which rotate rigidly (Bai 1990). The two northern-hemisphere
hot spots, which rotate with a synodic period of 26.727 days (24.905 days in
sidereal), persisted in the same locations during cycles 20 through 22. We
have made extensive studies on quasi-periodic changes of flare occurrence
rates. Occurrence rates of major flares, regardless of selection criteria,
episodically show periodic variations. The well-known period is 154 days
(Rieger et al. 1984; Bai and Cliver 1990, and references therein). In addition
to this, pe-iodicities of 51, 77, 103, and 129 days have been detected (Bai and
Sturrock 1991; Bai 1992a, 1992b, 1993b). -

Because all these periods are close to integral multiples of 25.5 days,
we have proposed that 25.5 days is the fundamental period with other
periods being its subharmonics. We have searched the "clock mechanism"
for the fundamental period. On the basis of analysis of flare distributions
for the 36-year data (1955-1991), we proposed that a rotation of a structure
with a period of 25.50 days might be the clock mechanism (Bai and Sturrock
1993). The rotation axis seems to be tilted by 40 degrees with respect to the
ecliptic normal, and the direction of the tilt is toward the earth's position on
December 4 on its revolutionary orbit.

Solar flares may derive their energies from magnetic "free energy”
that is stored in the coronal magnetic field. This free energy is associated
with electric currents that are present whenever the field is stressed. Using
the magneto-frictional method, we have studied various force-free-field
configurations that may arise on the Sun (Klimchuk 1990; Porter et al.
1992). We have extended the magneto-frictional method to 3-D cases
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(Klimchuk and Sturrock 1992). To apply the method to realistic cases, a 3-D
extension is essential.

In addition to the above mentioned areas, we have performed
research in coronal heating (Sturrock et al. 1990). This is not only one of the
unsolved problems in solar physics but has relevance to the understanding
of solar activity because the corona provides the environmental conditions
for solar flare occurrence. Our research effort includes studies on other
aspects of solar flares not mentioned above (Sturrock 1891; Bai 1993a) and
plasma physical processes related to solar activity (Sturrock 1990;
Antiochos and Klimchuk 1991; Klimchuk et al. 1992; Sturrock 1991). The
enclosed list of publications shows our research activity in more detail.
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